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1. USING PERFORMANCE METRiCS IN SYSTEM DESIGN

INTRODUCTION

Complexities of system design are great and often lead designers

to be inward looking in their analyses . Knowledge from various fields

can be of benefit in designing systems [ii . Management accountants

can describe economic effects of delays in closing schedu1es , psychol-

ogists can provide significant insights into the behavioral charac-

teristics of users to complex command syntax , computer performance

analysts can provide alternatives to describe and to measure respon-

siveness of systems. Even in the case of an innovative system design,

the designer can employ such approaches to identify incipient problems

and create alternatives with increased cost effectiveness. This paper

describes how performance metrics can be used effectively to support

system design.

Performance metrics are generally employed after systems are

implemented. They are used for monitoring and managing the use of

systems and for tuning. Seldom are they viewed as being useful in

system design. Use of performance metrics on an early prototype sys-

tem, however, can provide a good deal of information needed to design

and produce an effective system. This paper provides an example which

describes how system responsiveness of a prototype system was measured

and reported and how that information could be used for syste. design.

This paper appeared in the Proceedings of the Software Quality
Assurance Workshop held in San Diego November 15—17, 1978, sponsored
by the Association for Computing Machinery .

______________ - ____________
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11 . SOME U SES OF PERFORMANCE METR I ~S

DE’FERHtNINt, USER REQU I REMENTS

A ui rent Ilk t hodu logy w it I It t a n  pi odut ’e we I I t unc t iou t u g ,  we I I

designed , and we ll documented SV S t ems on st’tietlu Ic is known .i ~t I u t —

t ured design . St ru ctu re d  des ign  ent a t  I s  a gr eat  itea I of veiv t ’a i~~f ul

p lanning .  it begins with ~i statement of requirements and tenninati’s

with a de ta i l ed  s p e c i f i c a t i o n  of code . There a re’ s t ruc tu red  wa l k -

t hrough s and f requent  design reviews , w i t h  the  actu a l cod i n g  l e lt  t o

the very end . Although structured des i gn has been used w i t h  su ccess

for some mil itary systems I f l ,  it  has received only limited us e  in the

conwnercj at world. A niajot- reason i t  is  not used more o t t e n  is he~ .iuse

use rs do not know or cannot coninunicat i ’ t h e i r  r e q u a l em e nt s .  tiechan-

i sms , such as per form ant ’e mea sur c’ment s • which  a d an i tietat i I vi tag use t

requirementS W I  Ii .tllow t t ’t’hn I ques such .iS st riict t ired des 1 git t o be

more app licable.

Desi gners encounter many problems in del, cnn til ing u s e  r requ i re—

men t s . Not only do users slot know what their requ i rement s a it’ , some —

t ime s t hey can ’ t eveit guess at t hem . A l te rna tive ly ,  usets may thank

they know the i r  requirements  when , in  fact , t hey do not . A system

designe r who bases design dec isi otis on i~ ’i’ce t ved but  i fla ’cU i .i  t e

req uirements can produce a Very  cost Iv • and poss i h i  V I IiV ft i’t t  I Vt ’ SV S  —

tern . This i nab i i  it s ’  to a c c u r at e l y  i ecogn i i.e and .les ii be requ i ,‘ement s

on the par t  ot the users ott en I e.nls des t g u e t s  t o t c l v  on the ii own

best j  udgcmen t s . ‘rh~ u s e  r , I orced to I i Vt’ i. i Iii t hess’ t o nd i t t  otis • nnis

ad ap t  hi mse I t  to  t tie de live ’ ed S Y s t e m . I’li t s dot’s not have Lt ’ Lu’ L i  tie

We can pioduice well f u n d  t o n i n g ,  t e spon s  i ye s v st  ,~uiis ada i cli sa t  i sv  uset

ticeds
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The user ’ s needs can be measured. He can be informed of trade-

offs. He can provide input  for  decisions in system design. By

including the users ira d i s c u s s i ons d u r i n g  design , the system designer

will obtain feedback before he is committed to a particular implemen-

tatioti . By being careful about the order of implementation of the

design he can maximize the information he receives by allowing the

user to interact with early versions of the system . Providing an

early prototype for the user to review can crystallize the user

requirements. Instrumenting the prototype can provide hard data on

system usage and user behavior.

SYSTEM RESPONSIVENESS

Metrics of system responsiveness can be particularly effective

for system design . Users often have difficulty in quantitatively

defining responsiveness of a system -- they know only that they want

quick response. When forced to communicate such requirements, they

often tend to state them intuitively. For example, a common practice

is to establish performance criteria for a system in terms of response

time such as “response time must be within 2 seconds” or “90% of the

responses must be within 3 seconds.”

Since commands are usually not of the same complexity, there is

no reason to expect the response times be the same. In reality users

don ’t expect them to be. If users of the systems have a sense of the

complexity of the commands they issue, they tend to be flexible in

their demands of system responsiveness. They are willing to wait ,

often for very lengthy periods , for what they feel are complicated

~
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t oinin.snd~ Add i t  a ona I ly , sonic use r~ .i r’c m o  re d a t  0 r u e d  a.’ i t ii t he tot it

amount ot time they must spend at a t e r m i n a l  to at’c. m p t i s h  a g i V s ’li

amount of work than they are wi th any individua l response t i m e .

E x p e r i en c e  has shown tha t  the v a r i a b i U t y  of response t i m e

e f f e c t s  whether or not the response t ime is conside red s a t i s f a c to r y  by

users. Variability in response time can a f f e c t  whether  or not a par-

ticular response time is satisfactory to  users in at least two dif-

ferent ways . First , a user accustomed to a 10-second response for the

execut ion of a p a r t i c u l a r  command of ten  becomes upset when tha t  com-

mand , perhaps due to increased load or additiona l services , requires

30 seconds . However , had the command always used 30 seconds , the user

might have found 30 seconds to be a satisfactory t u n i c  fo r  the

response. Second , users become dissatisfied when response t ime for  a

particular command varies noticeably within a session . Designers

truly sensitive to user satisfaction with the responsiveness of a sys-

tem will choose metrics which reflect not just specific response times

but variations within a session and over time as well .

DESIGN DECISIONS

Many design decisions affect the performance of a system. Often

these decisions are made arbitraril y or are based on criteria unre-

lated to performance . Using performance metrics , such as system

responsiveness , in the  design stage wi,ll provide the designer informa-

tion on how the parameters (e.g., matrix size , number of allowable

cases) affect system performance , allowing him to choose t h e  p.lrame’—

ters more intellig ently. Alternat ive ly, guide lines can he prov i ded t o

users to explain wha t range of parame ter va l ues result in very long
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response t ame s 
* l e a v i n g  t he  choice t o  the user about whet t ie t ~ ‘ I olug.. ted

m es 1*dua sc t i m e  is  Ju s t  a f i e d  t o t  a p a r t  i c u l . u r i nt e r a c t  i o n ,

TRADEOFFS

l~se’ r sat is fact a on is not  based sol ci~’ oil t h e  t uuic t  j ona I .up .u l s  m I —

a ty  of ’ a system , but on usab ii i t  y , reliability, and pet o u t u t a tuce  ,is

well. ‘f ten , the user cannot have everything he wants in a system .

The fiui a l produc t may be the result of compromise. C e r t a i n  funt ’t t o n a l

capabilities may be eliminated to achieve specific performance goa ls

or , on the other hand , the user may be willing to sacrif ice perfor-

mance to obtain some functional capabilit y . In either case , i t  u s

impor ta nt to know whether or not both goals are achievable and t h e

costs of achieving each goal .

I

_ _ _ _ _  _ _ _  
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i l l  - EXANPLE

l’lie’ .i ut ho r emp loyed t e t’hn u ques t ron the  t a ’  Id  of  c ouiput e m  p e r t  ~‘ 
—

mn an ce  .u na lv s s Ott .tii c xpe t t  ment  a I mejiti dii  vela , m a r i a c.*r iipu t t ’ t — ha sed

a ii t o  rm.i t Ion sy st cut .1*~ s a guied t o u l is t ’  a S t o  en t e r  , e’d a t , ret u - u .‘vt ’ , milan i —

pu 1 . at t . , ex am i i i~’, . iutd au a a 1 yze c l i  III cal pat i cut d at a  I - Wh t ’ui t i i i  s

wot  k w as  done t tat ’ syst em was a p r o t o t y pe  anti many tie .. a s  ions had not

yet  been made about  i t s  ch a r . i c t  cr i st  i . .s  and design . (Fo r ex.tnip ic

pot eut  i a t  ly poo a- a-espouse’ t a m c  isa ght bi’ avo a tied by rest  i i  c t i o t i s  on t he’

a o t s i nn  I t  . t t i t ’oiac users  . u I l  owed on t h e  svs t ecu ot in  cc ’ it  .1 1 11 ‘~ ca —

v i ce s  b e i n g  p a  ov i tied o n ly  on .tn ove ru t ig ht  b a s i s  . I Consequen t  I \• ~~~~

uee’dt ’d to tie t a nt’ pa ramet m a t - l a m  i t s  on lo a d i n g  and t h e  f u n e t  ions  t o he

p m - ova  tied i t t  t h e  i n t e r a c t  lvi ’ s a t  ua t io n ;  we needed to  know s y s t e m

r c s ( v or us  a v o u i e s s  -

rhe’ I ’ t  ~to tvpe  sy s t e m  a. ,i s com posed ot sevt ’m -al  act  i~~ ’ i t  les  and sub a . .

t i v  i t t  e~s rh,~ u sca  progressed throug h the  sy s tem by r e sponding  t o

io ns or ~~~ I ect a ng among a l t e r n a t i v e s  presented on the ’ screen

Accomp li shing .i useful piece of work could require many i np u t s  by the

u s e r  - The’ amount  of w ork  to he done by the system in response t o t as e r

input v a r i e d  w i d e l y .  Some responses resu l t ed  an l i t t l e  more t h an  the

.ippea I J u c t ’ o f  a new ques t ion , others r e su l t ed  an the execut ion o t

. i u ia l y s  as  p .ickages ref o rmat  t in g  of th e  d a t a , and present  at  t. . un of a new

di ~I’ 1 a~ . The r e’ we’ re no d i s t i n c t  c lasses  of eon~nan ds . W e ’ needed a

met r a t - t o  show the re’spous ivness of the syst em an ti how the r espons a Vt ’—

ness changes .is t he’ sy st  em load changes . Reporting t he’ response t i me’

t ot- e.ich command woaa I d simp ly  confus e . auiti coinput I ng an ,avt ’  i a  gt ’ won Id

he of even I t’s s v.a I t ie . We app l i e d  t h e  s c r ipt  i ng t echu a pie of comput ci-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~
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p e r f o r m a n c e  ana l y s i s  to measure the time required to complete a g iven

amoun t  of s-ork on the  sys t em -- the t ime  requi red  to complete a

sequ ence  ot -omj nands r a t h e r  than  j u s t  a s ing le  command .

The system c o u l d  record  and s tore sequences of commands for sub-

seqaae-ait execution. We created such command files for each of severa l

commonly used activities. Each command file represented typical use

of each a c t i v i t y.

E a r l y  vers ions  of the system were in use at Rand and at selected

c l i n i c a l  research centers . Feedback from users was ac t ive ly  soug h t .

User  inputs were collected at each site and were periodical ly pro-

cessed to determine characteristics about system use. We were able to

ta ke advantage of these data to select ac t iv i t ies  to be tested and to

build representative scripts .

Each of the remote systems was accessable from Rand via tele-

phone . This was pa r t i cu la r ly convenient as it allowed us to take

measurements as frequently as we liked without letting users know we

were doing so. Sometimes just letting users know tests are being con-

ducted changes their behavior and biases system usage [4].

We also employed another technique from computer performance

analysis in evaluating online systems -- measuring a defined incremen-
tal load on the system. The system itself may be loaded either natur-

ally or artifIcially ,* depending on the objective of the measurement

activity .

~A natural  load on the system is activity on the system caused by
real users doing rea l work. An a r t i f i c i a l  load is activity on the
system which does not accomplish real work . Both have their advan-
tages (and disadvantages). The natural load provides actual system
usage. Artificial load provide repeatability and are easier to quan-
tify . Both types of load are used in computer performance analysis.
For examp le , we might test on a naturally loaded system to determine

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~
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To dote rut a tie ha se’ I a no u’a sumement s • we corida ic  t e’d test s o t t  .u

standalon e’ system (a system unavailable to other users). Each conun .ind

a Ic  was e’xe..-a it ed seve ra 1 t i nies - Averages acid St anda  i- ti .it ’’~ I ~it ~ i OilS of

the measurem ents were’ otnpt ite ’d - Averages of the i-espouse t Am e s I o r

each a c t i v i t y  were’ used as the’ base times . S tan d a r d  du’v ij t  ions were

computed to determiaae’ that the  v a r i a b i l i t y  was low . The baseline

measurements  served two purposes .  F i r s t , t h ey p r ov i ded  a reference’

f rom w hi c h  to  compare measu remen t s  made under  s y s tem  lo a d s .  Second ,

the baseline measurements reflected , at least theoreticall y , the best

se rvice  the  user  could expect . If this baseline response time was

unsatisfactory to the user , restricting the’ number of users  or ser-

vi ces would not he sufficient . Tuning efforts , inv o lv ing  hardw are

and/or sof tware modifications would he’ required.

Once b a s e l i n e  measurements  were ob ta ined , we addressed the prob-

lem of how to report  the subsequent measurement s  -
~~ m e a su r e m e n t s  made’

a f t e r  system m o d i f i c a t i o n s  or measurements  made on a loa ded sy s t e m .

f~ep o r t i n g  the a c t u a l t ime r e q u i r e d  fo r  the response or the  i n c r e m e n t a l

t ime d i f f e r e n c e  is  i nadequa t e ;  it  does not t a k e  i n t o  accoun t t he

amount of work a c c o m p l i s h e d .  An additional IS seconds may he’ an

acceptab le  d e g r a d a t i o n  in  response t ime fo r  a conunand r e q u i r i n g  S

minutes  to complete but would  probabl y he u n s a t i s f a c t o r y  (cu r one nor-

mally requir ing .5 seconds. We chose to report elongation , the’ per-

the effect of adding terminals. On the other  hand , alt ar t itici .a l load
might be appropriate to test a system mod ifi ..’.ition . Since the a r t i f i -
c ia l  load ca n be f i x ed , a l l  v a r i a t i o n s  can be a t t r i b u t e d  to the mod i f -
i ca t ion . 

-— _~~~ —. —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _-~~~~~~~~~~~~~~~~~~~~~~~~~~
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u etit in roast- in response time in excess of the baseline measurement.

Elongation is computed as

test time
lOO x 1

base time

Periodically , and unannounced , we logged onto each prototype sys-

tem , ra n the tests , no t ing the t im e and number of ac t ive  term inals

during the test session , and the t imes r equ i r ed  f o r  each of severa l

executions of each command file. Elongation times for each execution

• were computed. Additional standalone r~~asurements were made each time

— a new vers ion of the system was released and when modules were moth-

fied . These measurements provided instant indication of any per for -

mance degradation or improvement which could be attributed to system

design . Similar measurements were made to determine the effects of

alternative hardware configurations . The measurements were made with

the Rand Monitor/Stimulus-Generator (RNS) [5,61, a prototype measure-

ment tool built at Rand . However , similar measurements have been made

successfully using a stopwatch [7].

Elongation time indicated to us the type of service a user would

have seen if he had chosen to use the system at the time of the test.

The measure allowed us easily and quickly to see the relative effect

of various loads and to determine any unusua l variability among

activities with respect to the loading . For examp le , if most activi-

ties exhibited similar percent increases while one was very high , we

could make a more intensive study of that one activity to determine

the cause of the sensitivity to the load and to ascertain if there

~

- - - -  .-

~~~~~~~~~~
~ .
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t r u l y  was a p r o b l e m , pe rhaps  in desi gn or coding techni que. (is 11mg

eloc igat  lol l allowed us to t rack syst em p e - r fo  m aca ce a t  a h i g h  J ov e !  . u m i I

expend t ime .i ud resource s o n l y  when p rob t ents or pott ’ta t  i a I p rub I c-iris

s u r f a c e d .  The informat ion c o l l ec t e d  was a lso  an i n d ic a to r  of  t h e

actu a [ demand on the system and could be used in  dot i d i ng  i t  more ter-

m i n a l s  or s imu l t aneous  users  cou ld  be allowed without excessive system

degradation.

- .-._ __*~‘
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met  m m c  ( r  ‘~ .~ ic~ ii s  t vermess 1 atm pi cmv i tie rise l i i i  dat ,r M(’ast i t I l i )~ I —

5 1  V( ’i l( ’SN t a t a

‘
~~ ~ pi  c m v i d e  r t m l .,r -ma t mon ne’i’ded to titL e ! I i gen t  iv  make I t a d e of  I

dcc i s  I Ot is  -

- 
- be u sed t .’ compa t O  .1 i t  0 i-t ia t i ye h a rdwa re coil Ii gil l a  t i cins

an t i  , ( lie m e  I t ’  r e ’ , cal i a me t iii dci cr-ni m i i i  r i g  I tie f i n a l  ha m dwa i-c

sp ec - i  f t  ca t  m o ims I 01 .1 I i t t  r i m e  s v st  em.

~ c al m tie ’ used t o  eva I nate’ the pea-f orm .lntr of soitwa i-c

moetra li’s .rrucl t o  r i d  i i i  cpe . i t  r i n g  I he ’ t ies gn of da t a

sI i-uict  uire’ s atid app i i  c’at ion so i t w a  i c  .

~ ) c- a u  be uise ’et t c~ r e st ’ ly e ’  ope’ i a  t t o n a l  cons i tic’ t a t  i cit ts  -

s a r i - i t ig I he pet -  to r m.unce ’ e’ f t  ect s of eel I a i n  c apali m I i  t aes

can !110V ide ’  dat  a on wit * ch t o base dec is  t ort s such as

whet lii’ I O r  n u t  t h ei st ’ cap. ib i i  i t  es shoui let he i~rov i deet o i

1mev sh iu ’r r  i i i  lie’ p u c m \ ’  tie ’ct , s ay  , on an ore r u t  ght has i s

( i t  her per - i or  m a l i c e met t r e s  i t t  .n I 50 p1 .‘V 1 d c ’ ~ a I iiah’ Ic cia t .u . in i1 sh.’rm l i t

i t . ’ I h’e I ~ flOi  e~i - t~o i’xaflm~ I i ’ , lb m ~~t’ 8 h as  :. lm ee.rm how q i r . l i m  t r l vi m i g  ~
- —

( ‘iii l l s~igc  u j i l  . r r d  mit ~i ’ Iec  (rug , . \ s ( e rU  t e a t  c i i  c’s I o 1’ , 1 t ’t u i m i c u t ,

. t u - I e t r ’ ct , o m  r n c i . t i t  m c c i  : \ v m i l . u t ’ r I m t ~~ o t  e a r l y  I i I c ~ t c i t v p e~. ir i , i  .u i’ i’ l  r c . i

I t O O  0 I  ~ i ’t l i i i  m a l l e t ’ lfli ’i I I i  t 0 pi  e t  .‘t \ ~‘ ‘~~ trot cv.’ i v  t r i g  t.~ t .‘flO. .111 he

.111 t ’ f  t i ’ c t r~ -e I l’e - l m mr m u p r e ’ h i t  tic ’ s t g i m r i m .  .;mmuI pm o . I r r c  m g  l it glm ,~ i i . i  I r t ~

~ ‘h t w . i i e .
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